We report a single-centre, randomized study evaluating the efficacy and safety of concurrent fludarabine, mitoxantrone, dexamethasone (FND) and rituximab versus sequential FND followed by rituximab in 158 patients with advanced stage, previously untreated indolent lymphoma, enrolled between 1997 and 2002. Patients were randomized to 6-8 cycles of FND followed by 6 monthly doses of rituximab or 6 doses of rituximab given concurrently with FND. All patients who achieved at least a partial response received 12 months of interferon (IFN) maintenance. Median ages were 54 and 55 years. The two groups were comparable with the exception of a higher percentage of females (65% vs. 43%) and baseline anaemia (23% vs. 11%) in the FND followed by rituximab group. Complete response/unconfirmed complete response rates were 89% and 93%. The most frequent grade ≥ 3 toxicity was neutropenia (86% vs. 96%). Neutropenic fever occurred in 21% and 16%. Late toxicity included myelodysplastic syndrome (n = 3) and acute myeloid leukaemia (n = 5). With 12Á5 years of follow-up, no significant differences based on treatment schedule were observed. 10-year overall survival estimates were 76% and 73%. 10-year progression-free survival estimates were 52% and 51%. FND with concurrent or sequential rituximab, and IFN maintenance in indolent lymphoma demonstrated high response rates and robust survival.
In our experience, fludarabine, mitoxantrone and dexamethasone (FND) compared favourably to intensive alternating triple chemotherapy with high response rates that were durable, and was associated with a more favourable toxicity profile in untreated, stage IV indolent lymphoma (Tsimberidou et al, 2002) .
Numerous investigators have observed improvements in long term outcomes with the incorporation of anti-CD20 monoclonal antibodies with various chemotherapy regimens in indolent lymphoma (Hiddemann et al, 2005; Marcus et al, 2005; Herold et al, 2007; Salles et al, 2008) . This was not surprising as the use of immunotherapy for indolent lymphoma had been advocated for many years and several studies reported benefit with interferon (IFN) in combination with chemotherapy or rituximab (Smalley et al, 1992; Mclaughlin et al, 1993; Solal-Celigny et al, 1993; Herold et al, 2007; Salles et al, 2008) . The addition of rituximab to FND was hypothesized to be synergistic and result in higher molecular remission rates than chemotherapy alone, warranting further exploration with the combination of rituximab and FND when this study design was developed. The concern at the time was whether the concurrent use of rituximab would result in additive toxicity, to answer this question, two separate dosing schemas were examined. Therefore, we set out to compare the efficacy and safety of concurrent FND in combination with rituximab versus sequential FND followed by rituximab and one year of IFN maintenance in patients with previously untreated, advanced stage SLL, MZL or FL.
Methods
We performed a randomized, single-centre, open-label study. All patients provided written informed consent. The trial was approved by The University of Texas M.D. Anderson institutional review board and was conducted in accordance with the Declaration of Helsinki and the principles of Good Clinical Practice.
Eligible patients included those aged 18-76 years with previously untreated, stage IV FL, SLL or MZL and adequate hepatic [bilirubin < 1Á5 9 upper limit of normal (ULN)], cardiac (left ventricular ejection fraction ≥ 50%) and renal function (creatinine < 1Á5 9 ULN). Patients were considered ineligible if they had an absolute neutrophil count (ANC) of <1Á0 9 10 9 /l, or platelet count <100 9 10 9 /l unless the direct result of marrow infiltration by lymphoma. Patients with human immunodeficiency virus (HIV) infection, antecedent malignancy with <90% probability of surviving 5 years, patients unwilling to accept blood products, or those who were pregnant or lactating were excluded.
Study design
The primary endpoint of the study was to determine the efficacy of concurrent rituximab in combination with FND followed by IFN in comparison to FND followed by rituximab and IFN in patients with stage IV indolent lymphoma as measured by complete response (CR) rate. Secondary endpoints included comparison of safety and tolerability, molecular response, progression-free survival (PFS) and overall survival (OS). Patients were stratified based on tumour mass size (<5 cm vs. ≥ 5 cm); age (<60 vs. ≥ 60 years); histology, and suitability for watch and wait approach.
Treatment
Patients were randomly assigned either to fludarabine 25 mg/m 2 on days 1-3, mitoxantrone 10 mg/m 2 on day 1, and dexamethasone 20 mg on days 1-5 every 28 days for a total of 6-8 cycles followed by six monthly doses of rituximab, 375 mg/m 2 (initiated 12 months after randomization)
or to the experimental arm of concurrent rituximab 375 mg/m 2 administered on days 1 and 8 of cycle 1, then on day 1 of cycles 2-5 with fludarabine 25 mg/m 2 on days 2-4, mitoxantrone 10 mg/m 2 on day 2, and dexamethasone 20 mg on days 1-5.
Pre-medication with 650 mg of acetaminophen and 25-50 mg of diphenhydramine were administered prior to each infusion of rituximab. Eight cycles of FND were planned in both arms unless cumulative myelosuppression was encountered (>6 weeks for recovery of ANC to ≥1Á0 9 10 9 /l or platelet count to >100 9 10 9 /l), in which case FND was completed after 6 cycles as tolerated. Subjects experiencing delayed recovery of ANC (>35 days) or neutropenic fever were candidates for granulocyte-colony stimulating factor (G-CSF) in addition to chemotherapy dose adjustment. All subjects received pneumocystis prophylaxis with trimethoprim-sulfa or pentamidine.
All subjects who achieved at least a partial response (PR) after completion of FND AE rituximab received IFN alfa-2b maintenance, 3 million units/m 2 starting 1 month after FND on days 1-14 every month for 12 cycles. For subjects in the control arm receiving rituximab and IFN in the same month, rituximab was administered on day 1 and IFN on days 2-15. Response was assessed by the investigator in accordance with the International Workshop on Standardized Response Criteria for NHL (Cheson et al, 1999) . A molecular CR was defined as a patient with an initially positive polymerase chain reaction (PCR) who converted to negative on at least two consecutive occasions no less than 2 months apart. A CR was defined as those with no clinical and radiographic evidence of disease. All lymph nodes and nodal masses must have regressed to normal size (≤1Á5 cm in their greatest transverse diameter for nodes >1Á5 cm before therapy). Previously involved nodes that were 1Á1-1Á5 cm in their greatest transverse diameter before treatment must have decreased to ≤ 1 cm in their greatest transverse diameter after treatment. CR unconfirmed (CRu) was defined as regression of nodal masses by more than 75% in the sum of the products of the greatest diameters (SPD) and or all nodal masses regressed to normal size with an indeterminate bone marrow (Cheson et al, 1999) . Response assessment occurred every three cycles during therapy. Off therapy response assessment occurred every 6 months for the first 5 years, and then annually thereafter. PCR for BCL2 in the peripheral blood and bone marrow was assessed every 6 months during the first 3 years.
Statistical methods
Efficacy endpoints were analysed in the intent-to-treat population. A target sample size of 128 subjects (64 subjects in each arm) was calculated based on the anticipated molecular response rates of 85% to detect a difference of 25% in the 12-month molecular CR rates, this assumed a two-sided a level of 0Á05 and 90% power. An amendment in May of 2001 increased the planned accrual to include additional subjects with FL as a result of a higher than expected number of subjects with SLL and MZL enrolled to fulfil the primary endpoint. The Fisher's exact test or Chi-square test was used to evaluate the association between categorical variables. The Wilcoxon rank sum test was used to evaluate the difference in a continuous variable between patient groups. The Kaplan-Meier method was used for time-to-event analysis including PFS, time to second malignancy, disease-specific survival and OS. Median time to event in years with 95% confidence interval (CI) was calculated. The Log-rank test was used to evaluate the difference in time-to-event endpoints between patient groups. Univariate Cox proportional hazards models were fitted to evaluate the effects of continuous variables on time-to-event outcomes. Multivariate Cox proportional hazards models were used for multivariate analysis to include important and significant covariates. Statistical software SAS 9Á1Á3 (SAS, Cary, NC, USA) and S-Plus 8Á0 (TIBCO Software Inc., Palo Alto, CA, USA) were used for all the analyses. P values < 0Á05 were considered statistically significant.
Results

Patients
A total of 158 patients were recruited between 1997-2002 at our single centre. Table I lists baseline characteristics by treatment arm. Median age was 54 (range 20-76) years; 29% of patients were older than 60 years of age. One hundred and eleven (70%) patients had FL, 18 (12%) had MZL and 29 (18%) had SLL; 91% of subjects had bone marrow involvement. Seventy-eight subjects were randomized to the FND followed by rituximab arm and 80 subjects were randomized to the concurrent rituximab and FND arm. There were significantly more female patients (65% vs. 43%, P = 0Á004) and a higher percentage of patients with haemoglobin <120 g/l (23% vs. 11%, P = 0Á048) in the FND followed by rituximab arm. The distributions of Follicular Lymphoma International Prognostic Index (FLIPI) score between the treatment arms were similar (P = 0Á63).
Efficacy
The best overall response rate was 99%, 143 (91%) subjects achieved a CR (n = 128) or CRu (n = 15) and 13 (8%) achieved a PR. There was no significant difference in CR by treatment group (89% vs. 93%, P = 0Á39). Prognostic factors associated with a lower CR rate included age >60 years, high FLIPI score, high tumour burden, elevated b-2 microglobulin and >4 nodal sites. A significantly higher percentage of subjects in the concurrent rituximab plus FND achieved a peripheral blood complete molecular response at six (89% vs. 60%, P = 0Á002) and 12 months (89% vs. 68%, P = 0Á04) in comparison to the FND followed by rituximab arm.
The median follow-up was 12Á54 years (range: 3Á43-15Á80) for the censored observations. The median PFS of all subjects was 11 years, 77 events were observed. Ten-year PFS estimates were 52% (95% CI, 42-65%) in the FND followed by rituximab arm versus 51% (95% CI, 41-64%) in the concurrent rituximab plus FND arm (P = 0Á61), Fig 1A. The 10-year PFS estimates were similar among those with low or high tumour burden (55% vs. 50%, P = 0Á28). In univariate analyses, median PFS was significantly longer among the low [not reached (NR)] or intermediate-risk FLIPI (13Á7 years) group versus high-risk FLIPI (3Á3 years, P = <0Á0001), Fig 1B. In multivariate analysis adjusting for histology, FLIPI score and b-2 microglobulin, there was no difference in PFS based on treatment schedule [concurrent R+FND vs. FND followed by R hazard ratio (HR) = 1Á15; 95% CI, 0Á71-1Á86).
The median OS has not been reached. Fifty-one patients died during follow-up, 32 are deceased as a result of progressive lymphoma or late treatment-related complications, 10 died due to an unrelated condition (cardiovascular n = 3; adenocarcinoma n = 3, intracranial haemorrhage n = 2; neuroendocrine tumour n = 1; ileus n = 1), and 9 of unknown cause. Ten-year OS estimates were 76% (95% CI, 67-86%) in the FND followed by rituximab arm versus 73% (95% CI, 64-84%) in the concurrent rituximab plus FND arm (P = 0Á4), Fig 2A. The median OS was significantly longer among low (NR) or intermediate-risk FLIPI (NR) group versus high-risk FLIPI (13Á1 years, P = 0Á01), Fig 2B. The median OS was also significantly longer based on histology, NR for those with FL, 10Á5 years for those with MZL and 13Á1 years for those with SLL (P = 0Á0008). The 10-year OS estimates were similar among those with low or high tumour burden (78% vs. 73%, P = 0Á45). In multivariate analysis, there was no difference in OS based on treatment schedule (concurrent R + FND vs. FND followed by R HR = 1Á75; 95% CI, 0Á94-3Á26). The median disease-specific survival was NR for those with FL or MZL and 13Á1 years for those with SLL (P = 0Á005). Ten-year disease-specific survival rates were 85% (95% CI, 78-92%) for FL, 85% (95% CI, 67-100%) for MZL and 59% (95% CI, 42-82%) for those with SLL, Fig 3A. 
Safety and tolerability
All of the 158 subjects received at least one cycle of treatment. Sixty-five per cent (n = 102) completed 8 cycles of FND. Thirteen (n = 21) per cent completed 6 cycles and 8% (n = 12) completed 7 cycles. The remaining 14% discontinued therapy early because of intolerable toxicity. Sixty per cent (n = 94) of subjects completed the planned IFN maintenance; 19% discontinued therapy early because of intolerable toxicity. Grade ≥3 haematological adverse events were frequent. There was a lower percentage of grade ≥3 neutropenia in the sequential group (FND followed by rituximab), 86% vs. 96%. However, there was a higher percentage of neutropenic fever, 21% vs. 16%, in the sequential group. Grade ≥3 thrombocytopenia was 19% and 29%. Grade ≥ 3 anaemia was 13% and 14%, respectively. The acute grade 3 or 4 adverse events occurring in more than approximately 5% of patients in either group are summarized in Table II . Grade ≥3 non-haematological adverse events were relatively infrequent, and included fatigue (19% and 15%), infection (10% and 16%), anxiety/depression (8% and 4%) and nausea/emesis (5% in each group). No acute adverse events resulted in treatment-related mortality. Second malignancies occurred in 43 (27%) subjects, summarized in Table III . Of these, 11 (7%) died as a result of their second malignancy. Five subjects are deceased as a result of acute myeloid leukaemia (AML, 3%), and the remaining were the result of myelodysplastic syndrome (MDS, n = 1), acute lymphocytic leukaemia (n = 1), adenocarcinoma of unknown primary (n = 2), gastric adenocarcinoma (n = 1), or high grade neuroendocrine tumour (n = 1). Age was an important prognostic factor for development of a second malignancy from univariate analysis (HR = 1Á06; 95% CI, 1Á03-1Á10). There was no difference in the observed second malignancy based on the treatment schedule from multivariate analysis (HR = 1Á17, 95% CI, 0Á63-2Á17), Fig 3B. 
Discussion
This randomized trial compared two different treatment schedules of rituximab in combination with FND followed by IFN maintenance in previously untreated, stage IV, indolent lymphoma. The results demonstrate that patients receiving rituximab concurrently with FND achieved a more rapid complete molecular response, outlined by negative PCR for BCL2 at six and 12 months in each respective treatment arm. However, there was no observed difference in the CR or CRu rate, which was high in this study population whether rituximab was administered sequentially or concurrently with chemotherapy. With mature follow-up, the initial high response rates were durable with favourable 10-year PFS and OS estimates that did not appear to be impacted by the schedule of rituximab.
The lack of statistical significance in our findings regarding the two treatment arms may be explained by the impact of the (13) 5 (6) 14 (18) 9 (11) Anaemia 3 (4) 7 (9) 5 (6) 6 (8) FND?R, sequential fludarabine, mitoxantrone, dexamethasone followed by rituximab; RFND, concurrent fludarabine, mitoxantrone, dexamethasone and rituximab. clinical benefit of rituximab, which appeared to be independent of the timing of administration. The rapid molecular response with the early incorporation of rituximab may have been mitigated by the high complete response rates and prolonged remission duration. With mature follow-up, our findings suggest that depth of response may predict duration of response. Similarly, other prospective studies examining a fludarabine-based frontline regimen in indolent lymphoma have demonstrated high complete response rates which translated into prolonged response duration (Zinzani et al, 2004b; Montoto et al, 2008; Tomas et al, 2011; Vitolo et al, 2013) . A retrospective analysis of 536 patients with FL enrolled in the Groupe d'Etude des Lymphomes de l'Altude (GELA) GELF86 studies with 14Á9 years of follow-up reported that achieving a CR with first-line therapy was associated with superior OS (Bachy et al, 2010) . In addition, a collaboration of clinicians and statisticians with expertise in FL and/or surrogate endpoint assessment identified a durable complete response (CR at 30 months) as a novel surrogate endpoint for PFS in firstline FL studies (Sargent et al, 2015) . With mature follow-up, our findings suggest that achieving a CR with first-line therapy is associated with high 10-year PFS and OS rates in advanced stage, indolent lymphoma. Despite the high response rates, the tolerability of this schedule of 8 cycles of FND remains a concern. While nonhaematological toxicity was very modest, 14% of subjects in this study were unable to complete the planned therapy, mainly because of marrow toxicity. Similar findings were observed in a prospective observational cohort of previously untreated FL patients receiving frontline chemoimmunotherapy, the majority of whom were treated in community-based practice (Nastoupil et al, 2015) . Approximately 12% of subjects treated with rituximab in combination with fludarabine-based chemotherapy discontinued treatment early as a result of intolerable toxicity, which was significantly higher than those treated with rituximab in combination with cyclophosphamide, doxorubicin, vincristine and prednisone (R-CHOP; 4%) or rituximab, cyclophosphamide, vincristine and prednisone (R-CVP; 8% (Nastoupil et al, 2015) . With bendamustine and rituximab associated with a tolerable safety profile and a superior PFS in comparison to R-CHOP in previously untreated indolent lymphoma, (Rummel et al, 2013 ) the adoption of FND plus rituximab in this setting may be impacted by concerns about tolerability.
Abbreviated induction with fludarabine-based chemotherapy has been explored to improve tolerance or expand application to elderly or unfit patients (Zinzani et al, 2012; Vitolo et al, 2013) . A randomized, multi-centre phase III study examined four cycles of R-FND followed by rituximab maintenance versus observation in 242 treatment-na€ ıve patients aged 60-75 years of age . The ORR was 86% (55% CR/CRu) after induction. The most frequent grade 3 or 4 toxicity was neutropenia, 25% with 13 serious infections. A single arm, phase II trial including 55 patients reported an ORR of 96% (38 out of 55 achieved a CR) following four induction cycles of rituximab, fludarabine and mitoxantrone (R-FM), the study also included subsequent consolidation with 90 Y-ibritumomab tiuxetan ( 90 Y-IT) (Zinzani et al, 2012) . The abbreviated R-FM induction was well tolerated with reversible haematological toxicity being the most common adverse events. Grade 3 or 4 neutropenia was observed in 35%. Fewer cycles resulted in better tolerance with similar high CR and PFS rates, suggesting that one approach to reduce the toxicity associated with this regimen, but maintain efficacy would be to pursue four cycles of R-FND as induction. We previously reported on the risk of treatment-related MDS/AML among patients from this study after a median follow-up of 42 months (McLaughlin et al, 2005) . Since this report, three additional subjects were diagnosed with MDS/ AML (n = 8, 5%). Six are deceased at the time of this report as a result of their treatment-related MDS/AML. We observed additional deaths among patients in this study as a result of second malignancies. Among patients with lymphoma (without HIV/acquired immunodeficiency syndrome at lymphoma diagnosis), the risk of second malignancy is higher than the general population and varies by the subtype of lymphoma, suggesting differing immunological alteration and treatment may contribute to these differences (Morton et al, 2010) . Fewer cycles of FND may reduce the risk of second malignancy. DNA damaging cytotoxic agents, genetic susceptibility and immune suppression may predispose our patients to higher incidence of second malignancy that can be life threatening and must be considered when counselling patients on the late toxicity of management strategies.
Over the course of follow-up, we noted five cases (3%) of histological transformation to diffuse large B-cell lymphoma (DLBCL). This is favourable in comparison to the rates (14Á3-10Á7%) observed in the era of chemoimmunotherapy reported by the National LymphoCare Study (Wagner-Johnston et al, 2015) and the University of Iowa/Mayo Molecular Epidemiology Resource (Link et al, 2013) , both with shorter follow-up. This may have contributed to our favourable outcomes.
With mature follow-up, we describe that prolonged PFS is possible following frontline FND with either sequential or concurrent rituximab. FLIPI scores were able to risk stratify patients, those with high-risk FLIPI having the shortest PFS and OS. Others have noted shorter PFS with higher FLIPI scores (Buske et al, 2006) . Based on our review of sequential stage IV FL protocols at M. D. Anderson (Liu et al, 2006) , we have speculated that more intensive therapy may be warranted for patients with high-risk FLIPI scores (Tsimberidou et al, 2002) ; novel therapies are also warranted for this highrisk population. Those with low or intermediate-risk FLIPI experienced favourable outcomes in our study. In addition, nearly a third of patients had low tumour burden and may have been candidates for observation, though in exploratory analyses, outcomes were not associated with tumour burden. In our study, patients with favourable risk had very favourable PFS and OS, with mature follow-up.
Based on our mature findings, patients with advanced stage, indolent lymphoma with low to intermediate risk FLIPI score had very favourable outcomes following FND with concurrent or sequential rituximab and IFN maintenance, with high response rates and robust survival. The unfavourable toxicity profile or intolerance may be overcome with a shorter induction course, such as four to six cycles of FND. With consideration of both the acute and late toxicity of FND with either concurrent or sequential rituximab and IFN maintenance, modern management strategies and novel approaches under investigation for previously untreated FL, MZL and SLL should be compared to our findings as we strive to improve outcomes for patients with indolent lymphoma.
